Recently, shape memory polymer (SMP) as one of the functional materials has received much attention and its mechanical properties have been investigated. Shape memory polymer of polyurethane series has a glass transition temperature (Tg) around room temperature.
Although in SMPs the deformed shape returned to its original shape by heating, the mechanism of shape memory effect and the change of mechanical properties in the SMPs were quite different from those in the SMAs. Figure 1 shows the concept of the shape memory effect in SMPs. This was based on thermo-elastic phase transformation and its reversal at the temperatures above or below Tg. When the SMPs were heated at fluxing temperature over Tg and formed into a specified shape by compression, extrusion or injection moldings they memorized the formed shape (Process 1). The formed component was easily deformed to form an arbitrary shape by heating at glass transition temperature and external force (Process 2). Then, the deformed shape was fixed by cooling below Tg (Process 3). This was called shape fixity in shape memory behavior. After the use of the deformed shape obtained in Process 3, SMPs could recover the memorized shape (Process I) by heating over glass transition temperature with free load (Process 4).
In the SMPs, the polyurethane series has the following advantages: the forming processes for other thermoplastic polymers could be used; the shape recovery temperature could be set at any value within ±50°K around room temperature; there are large differences of the mechanical properties /1-3/, the optical property and the water vapor permeability at the However, the use of these materials was quite limited due to their low strength.
In previous research, fiber reinforced composites based on SMP were developed in order to overcome the mechanical weakness in SMP bulk. The materials developed were the short glass fiber reinforced SMP of the polyurethane series with different fiber weight fractions /4,5/. For the practical use of the developed composites, it is important to clarify the fundamental mechanical and shape memory behavior. In this paper, therefore, the creep behavior and cyclic behavior for both cases of constant strain and constant stress loading were investigated at room temperature (Tg-20°K).
EXPERIMENTAL PROCEDURE

Fabrication of Specimens
The shape memory polymer (DIARY, MM45I0: DIAPLEX Co., Ltd.) with Tg of318°K was used as the matrix and the chopped strand glass fibers with fiber length of 3mm (03MA411J, ASAHI FIBER GLASS Co., Ltd.) were used as the reinforcement in the developed composites. The fiber weight fractions were specified as SMP bulk, I0wt%, 20wt% and 30wt%, The fabricated specimens were non-weld. The cylinder temperature, mold temperature and injection speed were 483 °K, 303 °K and 27.4 cm 3 /sec, respectively. Figure 2 illustrates the geometry of a specimen.
Creep Test
Creep is one of the important material properties for practical use. Creep tests were performed under the stresses as shown in Table I temperature was measured by a thermocouple near the specimen. The tip of the thermocouple was put between two 1.5mm thickness plates with the same material as that in the specimen to make the same temperature condition, in order to investigate the cyclic behavior of the developed composites, the mechanical cycle tests were performed at room temperature (298K=Tg-20°K) in both conditions of constant stress and constant strain.
For the constant stress cycle, the upper limit stress was set to be 50% of the maximum stress obtained in the static tensile test. For the constant strain cycle, the upper limit strain value was set to be 50% of the strain at the 
RESULTS AND DISCUSSIONS
Shape Memory Effect
It is known that the elastic modulus of polymer material differs considerably at temperatures above and below Tg. The higher elastic modulus at the temperature below Tg is due to the energy elasticity in crystalline phase and glass state amorphous phase, while the lower 
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Relationship between rupture strain and fiber weight fraction under various loading conditions.
the bulk specimen was of the lowest value in all specimens. In the cases of stress ratio 65% and 70%, the rupture strains in all specimens were almost the same;
while in the cases of 50% and 60%, there was a peak of the rupture strain at 10%wt and it decreased with the increment of fiber weight fraction. Consequently, it seems to be that the reinforcement fiber does not contribute to the improvement of the creep property under the high creep loading such as 65% and 70% stress ratio to the maximum stress. However, it was confirmed that the optimal fiber weight fraction may exist between 10wt% and 20wt% for a high rupture strain, which reached about 5 times higher at 50% stress ratio for the 10wt% specimen compared with that at 70% stress ratio. Due to the fact that large recovery ability is one of the important advantages in shape memory polymers, a certain amount of permissible deformation will be necessary to obtain a good recovery ability.
specimen in the static tensile test was not obtained because it did not break down within the strain range of 300%. For the static tensile tests, the fractograph in the 10wt% specimen showed a rough surface and the matrix resin with holes due to fiber pull-out. It seems that the failure in I0wt% specimens mainly depended on the deformation of matrix resin in a ductile manner, while the fractographs in the 20wt% and 30wt% were relatively flat and the matrix resin fractured in a brittle manner. The reason for these differences may be that the occurrence and propagation of crack caused by the debonding between matrix resin and fibers were the major failure source in the 20wt% and 30wt% specimens due to high fiber weight fraction.
Additionally, the temperature rise had a great influence on the mechanical properties of matrix resin in all specimens, and then the cracks caused by the debonding between matrix and fibers may not propagate easily since the viscous matrix resin became hard to flow due to the increment of the fiber weight fraction.
On the other hand, for the creep tests, the holes due to fiber pull-out and the deformation of matrix resin around the fiber were hardly observed in all specimens.
Especially, the fractograph in 10wt% specimen in the creep test differs greatly from that in the static tensile test. However, the fractograph of the bulk specimen in a creep test indicated brittleness. This change in failure mode from the ductile to the brittle one possibly resulted from stress corrosion in a creep test.
Additionally, the fractograph of the 30wt% specimen, which indicated a brittle manner in the static tensile test and had the longest rupture time in the case of 50% stress level, presented some ductile fracture mode in the region of matrix resin. From this result, it appears that reinforcement fiber inhibited stress corrosion of matrix resin and an optimal fiber weight fraction may vary according to the loading mode.
Microscopic Observation
In order to investigate different fracture aspects caused by the loading mode, the fractographs after static tensile tests and creep tests were compared. Figure 6 shows the micro fractographs of the cross-section of composites after static tensile tests and creep tests under the stress ratio of 50%. The fractograph of the bulk Figure 7 shows the stress-strain curves in a bulk specimen in a constant stress cycle test. The yield phenomenon occurred in the bulk specimen before the cycle number reached the prescribed one. However, for the specimens with 10wt%, 20wt%, and 30wt% as Figure 9 shows the stress-strain curves in constant strain cycle tests. For the specimens with different fiber weight fractions, a large hysteresis loop was observed at the first cycle and there was no obvious difference in the loop shape except the slope of the loop, which corresponded to the Young's modulus. It is considered that the large hysteresis loop at first cycle is mainly contributed by matrix deformation and failures around fibers. However, the loops following the first cycle showed almost no hysteresis due to the characteristics of SMP with a training effect.
Mechanical Cycle Property
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The occurrence and propagation of the debonding between fiber and matrix is known as the main failure in strain caused by heat treatment will be one of the important mechanical properties.
CONCLUSION
In this study, composites made of shape memory polymers were developed and their creep and low cyclic behavior were investigated by experimental approach.
The results obtained are as follows.
1. It is confirmed that the fiber reinforcement could be used to improve the creep property, such as the rupture strain and rupture time, for the SMP composites.
2. The resistance to cycle loading in the developed composites with SMP was clearly improved due to reinforcement fiber.
3. There exists an optimum fiber weight fraction between I0wt% and 20wt% to have an extremely low residual strain in cyclic loading.
